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[57] ABSTRACT

This invention relates to a polarizing beam splitter and an
illuminating device having the polarizing beam splitter. The
polarizing beam splitter of this invention comprises a trans-
parent flat plate and films of a dielectric material provided on
the opposite surfaces of the plate.

18 Claims, 9 Drawing Sheets
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POLARIZING BEAM SPLITTER AND AN
ILLUMINATING DEVICE PROVIDED WITH
THE SAME

This is a continuation of application Ser. No. 08/139.438,
filed on Oct. 20, 1993, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Polarizing beam splitters are used in various optical
apparatuses. and a polarizing beam splitter usually com-
prises a cube having multi-layer film of a dielectric material
provided between the slopes of two prisms.

2. Related Background Art

Such cube is by no means light and therefore, it has
heretofore been desired to make polarizing beam splitters
thin

A polarizing beam splitter shown in FIG. 1 of the accom-
panying drawings is one which complies with such desire,
and it comprises a number of small cube-like polarizing
beam splitters juxtaposed.

The polarizing beam splitter of FIG. 1, however, is too
complicated in structure.

A polarizing beam splitter shown in FIG. 2 of the accom-
panying drawings is an another example of the thin polar-
izing beam splitter. This polarizing beam splitter comprises
a number of thin glass plates simply arranged parallel to one
another.

The polarizing beam splitter shown in FIG. 2, howeyver, is
not preferable because it requires a great number of glass
plates.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
polarizing beam splitter of simple structure.

It is another object of the present invention to provide an
improved illuminating device provided with such polarizing
beam splitter.

The polarizing beam splitter of the present invention is
provided with a transparent flat plate and films of a dielectric
material supplied to the opposite surfaces of said plate.

Another polarizing beam splitter of the present invention
is provided with a first member including a transparent flat
plate and films of a dielectric material supplied to the
opposite surfaces of said flat plate, and a second member
including a transparent flat plate and films of a dielectric
material supplied to the opposite surfaces of said flat plate,
the flat plate of said second member being provided parallel
to the flat plate of said first member. |

There is a preferred form of said another polarizing beam
splitter in which that dielectric material film of said first
member which is adjacent to said second member and that
dielectric material film of said second member which is
adjacent to said first member comprise a common dielectric
material film.

In a preferred form of the present polarizing beam splitter,
the distance between the dielectric material films on said
opposite surfaces is sufficiently greater than the wavelength
of incident light, and each of said dielectric material film
transmits therethrough most of the P-polarized light of light
incident at an angle of incidence of 45°.

The illuminating device of the present invention is pro-
vided with each said polarizing beam splitter in the optical
path of light illuminating an object to be illuminated.
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The image forming apparatus of the present invention is
provided with each said polarizing beam splitter in the
optical path of light illuminating a light valve for forming an
image.

The optical apparatus of the present invention is provided
with said polarizing beam splitter in the optical path thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a polarizing beam splitter (polarizing
separator) according to the prior art.

FIG. 2 shows a polarizing beam splitter according to the
prior art.

FIG. 3 shows an embodiment of the polarizing separator
of the present invention.

FIG. 4 shows an example of the characteristic of dielectric
material film used in the present invention.

FIG. 5§ shows the manner of reflection and transmission of

rays of light in the polarizing separator of the present
invention.

FIG. 6 shows another embodiment of the polarizing
separator of the present invention.

FIG. 7 shows a projector using the polarizing separator of
the present invention.

FIG. 8 shows a direct-view type liquid crystal TV using
the polarizing separator of the present invention.

FIG. 9 shows an embodiment of the polarizing 1lluminat-
ing device of the present invention.

FIG. 10 shows another embodiment of the polarizing
illuminating device of the present invention.

FIG. 11 shows still another embodiment of the polarizing
illuminating device of the present invention.

FIG. 12 shows yet still another embodiment of the polar-
izing illuminating device of the present invention.

FIG. 13 shows a further embodiment of the polarizing
illuminating device of the present invention.

FIG. 14 shows still a further embodiment of the polarizing
illuminating device of the present invention.

FIG. 15 shows yet still a further embodiment of the
polarizing illuminating device of the present invention.

FIG. 16 shows another embodiment of the polarizing
illuminating device of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 3 which shows an embodiment of the
polarizing beam splitter (polarizing separator) of the present
invention, the reference numeral 1 designates thin dielectric
material films which are interference polarizing separating
members, and the reference numeral 2 denotes holding
members such as glass substrates.

If thin dielectric material film of such a characteristic that
the transmittances (reflectances) of a P-polarized component
and an S-polarized component differ from each other for
light of a wide wavelength range incident at an angle of
incidence of approximately 45°, for example, light from a
white light source, is deposited on one surface of the glass
substrate 2, when the transmittance of P-polarized light is T
and the transmittance of S-polarized light is T, the trans-
mittances of the respective polarized lights in a film are
T>Ts. A plurality of such films are provided and light is
transmitted therethrough. whereby polarized light of low
transmittance (high reflectance) is more reflected, and the
relation between the respective transmittance of the light
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passed through the films i times becomes Tp>>Tj. and the
light becomes separable into a pair of polarized lights
differing in polarized component from each other.

The dielectric material film 1, as shown, for example, in
FIG. 4, has such a characteristic that for non-polarized light
incident at an angle of incidence of approximately 45°, the
transmittance of P-polarized light is 100% and the transmit-
tance of S-polarized light is 70%. and such dielectric mate-
rial films are deposited on the opposite surfaces of the glass
substrate 2 to thereby construct a single polarizing separat-
ing element. and a plurality of such polarizing separating
elements are disposed substantially parallel to one another
with a great interval between adjacent ones of them. This
interval between adjacent ones of the elements is set to a
sufficient great value relative to the wavelength of the
incident light, whereby the interference between the thin
films can be prevented. When visible light is to be separated
into a pair of polarized lights, the interval between the
dielectric material films can be of the order of 0.01 mm
(>>550 nm: the substantially central wavelength of the
visible light). Incidentally, where dielectric material films
are provided on the opposite surfaces of the glass substrate.
the interval between the dielectric material films on the
opposite surfaces of the glass substrate satisfies the above-
mentioned condition (=0.01 mm) because the thickness of
the glass substrate is at least about 1 mm. Metal foil or the
like is sandwiched between the marginal portions of a pair
of polarizing separating elements and is urged there against
from one side, whereby the pair of polarizing separating
elements can be made into a block. Instead of metal foil, a
both-side tape or the like having a bonding action on both
sides thereof may be sandwiched between the marginal
portions of a pair of polarizing separating clements to
thereby make them integral. However, with it taken into
account that each polarizing separating element is expanded
by receiving light from a light source, preferably the ele-
ments may not be fixed with respect to a direction perpen-
dicular to the optical axis from the light source.

The polarizing separating efficiency of the polarizing
separating element of the present embodiment will now be
described with reference to FIG. 5. When the transmittance
and reflectance of the first diclectric material film for.
S-polarized light are Tg, and Rg,. respectively, and the
transmittance and reflectance of the second dielectric mate-

rial film for S-polarized light are T, and Rg,, respectively,
the combined transmittance Tg,,,. taking the multiple reflec-
tion on the surfaces of these two films into account 1s:

Tsy - Tsa+ Ts1 - Tsp - {Rs1-Rsx +
st]_‘Rzﬂ‘*“....)

= (Ts1- T2¥(1 — Rs1 - Rsy)-

If the same dielectric material film is deposited, there can be
brought about T,=T =T and Rg,=Rs,=Rs and hence,

T.sm:T.sz’ ( 1“R.5'2)
If T=0.7 and R=0.3, from equation (2),
T g0, =0.538

Tso1 =

(2)

and the transmittance Tg,, of a polarizing separating ele-
ment for S-polarized light can be found. When two such
polarizing separating elements are provided. calculation can
likewise be made from equation (2) with Tg and R; as
T=Tso, and R=1-Tg,,. respectively. Hence, the combined
transmittance T, is

T o,=0.368.

(1)
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Further, where three polarizing separating elements are
provided. T, =T, Rg;=1-Tgo;: Ts:=T 502 and Rgy=1-T g,
can be applied to equation (1), and the combined transmit-
tance Tg,; of these polarizing separating elements is

T 505=0-280,
that is. the polarizing separating efficiency is
TP:TE—-_].:D.ZE.

-In the foregoing example, there has been shown a case
where use is made of dielectric material film having such a
characteristic that as shown in FIG. 4, for non-polarized
light incident at an angle of incidence of approximately 435°.
the transmittance of P-polarized light is 100% and the
transmittance of S-polarized light is 70%. and there will be
shown below a case where use is made of dielectric material
film having such a characteristic that the transmittance of
P-polarized light is 90% and the transmittance of
S-polarized light is 63%. |

The polarizing separating efficiency of the polarizing
separating element of the present embodiment will herein-
after be described with reference to FIG. 5. When the
transmittance and reflectance of the first dielectric material
film for S-polarized light are T, and Ry, . respectively, and
the transmittance and reflectance of the second dielectric
material film for S-polarized light are T,, and Rg,.
respectively, the combined transmittance Tg,, taking the

multiple reflection on the surfaces of these two films into
account is

Tsi ITs2+ Ts1 - Ts2 - (Rs1- Rz +
R R +...)
(Tst - Ts2)/(1 — Rsy - Rs2).

Tsor =

If the same dielectric material film is deposited, there can be
brought up Ts,=Ts,=T and Rs=Rs,=Rgs and hence,

Tﬂ:-'l:TE:{( I*RSZ)_
When T =0.63 and Rg=0.37, from equation (2),
T gp,0.460

and the transmittance of a polarizing separating element for

S-polarized light becomes Tg,,. When two such polarizing
separating elements are provided, calculation can likewise

be made from equation (2) with T and R as T=T,, and
R~=1-Tq,,. respectively. Consequently, the combined trans-
mittance Tgyo 1S

T gy,=0.299.

Further, when three polarizing separating elements are
provided, T¢;=Tg,, Rg;=1-Tgpy, T5=T g0, and Rg,=1-T g2
can be applied to equation (1).

Next, when with regard to P-polarized light, T ,=0.9 and
R,=0.1 are likewise substituted for equation (2),

T po,=0.818

and this becomes the transmittance of a polarizing separat-
ing element. When two such polarizing separating elements
are provided, calculation can likewise be made from equa-
tion (2) with T, and Ry as Tp=Tpy; and Rp=1-T1py;,
respectively. Consequently. the combined transmittance
T pg- 18

Tmﬁ]-ﬁgz.
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From this, the polarizing separating efficiency is

Tp: Ts=0.692:0.299 =0.7: 0.3.

Accordingly,
Tp: R=0.7:{1-0.3)=1:1.

This means that when light is polarized and separated.
P-polarized light transmitted and S-polarized light reflected
become substantially equal in quantity of light to each other.
and also has the secondary effect that as will be described
later, in a polarizing illuminating device. when for example,
the direction of polarization of S-polarized light is converted
to thereby provide “converted P-polarized light”,
P-polarized light and the *converted P-polarized light”
become equal in quantity of light to each other.

Referring to FIG. 6 which shows another embodiment of
the present invention, the reference numerals 101 and 102
designate thin dielectric material films, and the reference
numeral 2 denotes glass substrates. The difference of this
embodiment from the embodiment of FIG. 3 is that the space
between adjacent thin dielectric material films is filled with
the glass substrate, and as shown in FIG. 6, the thin dielectric
material films 101 differing in the transmission characteristic
for each polarized light when they contact with the glass and
air and the thin dielectric material films 102 differing also in
the transmission characteristic for each polarized light when
they contact with the glass and the glass are made, and the
thin dielectric material films 102 are sandwiched between
the glass substrates and further, the thin dielectric material
films 191 are provided on the outer sides thereof, whereby
a unified polarizing separator can be realized.

Referring now to FIG. 7 which shows an embodiment of
the polarizing beam splitter of the present invention as it 1s
used in a liquid crystal projector, the reference numeral 10
designates a light source such as a metal halide lamp, a
halogen lamp or a xenon lamp, the reference numeral 11
denotes the polarizing beam splitter of the present invention,
the reference numeral 12 designates a reflecting mirror, the
reference numeral 13 denotes a filter for cutting infrared
light and ultraviolet light, the reference numeral 14 desig-
nates a polarizing filter, the reference numeral 15 denotes a
liquid crystal panel, the reference numeral 16 designates a
color filter in which R, G and B corresponding to the three
primary colors of light are disposed, for example, in a
mosaic-like fashion, the reference numeral 17 denotes a
projection lens for enlarging and projecting image light
modulated by the liquid crystal panel 15, the reference
numeral 18 designates a screen, and the reference numeral
19 denotes a wavelength plate such as a half wavelength
optical phase plate.

Light emitted from the white light source 10 passes
through the cutting filter 13, whereafter it is separated into
a P-polarized light component and an S-polarized light
component by the polarizing beam splitter 11, and the
P-polarized light travels with the S-polarized light which is
slightly contained therein cut by the polarizing filter 14, and
thereafter is directed to the liquid crystal panel 15. The
S-polarized light cut at this time is very little because of the
polarizing separation by the polarizing beam splitter as
previously described and therefore, heat generated by the
polarizing filter 14 is slight. This leads to the effect that even
if the liquid crystal panel 15 and the polarizing filter 14 are
disposed proximately to each other, the influence of heat
upon the ligquid crystal panel 15 need not be taken into
consideration.

In the present embodiment, the P-polarized light trans-
mitted through the polarizing beam splitter 11 is made to
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enter the liquid crystal panel 1S5, but design may also be
made such that the S-polarized light reflected by the polar-
izing beam splitter 11 enters the liquid crystal panel 135.

The direction of polarization of the polarized light emerg-
ing from the polarizing beam splitter 11 toward the liquid
crystal panel 1S may be brought into coincidence with the
direction of orientation of the liquid crystal molecules of the
liquid crystal panel 15 in advance. If this is done, the
wavelength plate 19 will become unnecessary.

The present embodiment is designed such that the
S-polarized light reflected by the polarizing beam splitter 11
is reflected by the reflecting mirror 12 and is returned to the
light source 10 again through the polarizing beam splitter 11.
and the effect of such design will be described later in
connection with the embodiment of FIG. 13.

In FIG. 7. there has been shown an embodiment of a
single-plate type liquid crystal projector, but the present
invention can likewise be used in a three-plate type liquid
crystal projector having separating means such as a dichroic
mirror for separating white light into lights of three primary
colors R. G and B, a plurality of liquid crystal panels
corresponding to R. G and B, and combining means for
combining the color lights passed through the liquid crystal
panels and directing the combined light to a projection lens.
and other multiplate-type liguid crystal projectors.

FIG. 8 shows an embodiment of the polarizing beam
splitter of the present invention as it is applied to the
illuminating system of a display device. In FIG. 8, the
reference numeral 21 designates a white light source, the
reference numeral 22 denotes the polarizing beam splitter of
the present invention, the reference numeral 23 designates a
wavelength plate such as a half wavelength optical phase
plate, the reference numeral 24 denotes a reflecting mirror,
the reference numeral 25 designates a polarizing filter, and
the reference numeral 26 denotes a liquid crystal panel.
Light from the white light source 21 is separated into
P-polarized light and S-polarized light by the polarizing
beam splitter 22, and the reflected S-polarized light intactly
arrives at the liquid crystal panel 26 through the polarizing
filter 25, while the transmitted P-polarized light has its
direction of polarization rotated by 90° by the wavelength
plate 23, whereafter it is reflected by the refiecting mirror 24
and arrives at the liquid crystal panel 26 through the polar-
izing filter 25.

While the present embodiment is shown as the so-called
direct-view type in which image light modulated by the
liquid crystal panel is directly observed, a projection lens
and a screen of the transmission type may be disposed
between the observer and the liquid crystal panel to thereby
provide a back projection type projector.

FIG. 9 shows an embodiment of a polarizing illuminating
device for converting most of light from a white light source
into predetermined polarized light and emitting it. In FIG. 9.
the reference numeral 501 designates a white light source,
the reference numeral 506 denotes a reflector, the reference
numeral 502 designates a filter for cutting infrared light and
ultraviolet light, the reference numeral S03 denotes the
polarizing beam splitter as shown in FIG. 3 or FIG. 6, the
reference numeral 504 designates a reflecting mirror, and the
reference numeral 505 denotes a half wavelength optical
phase plate.

Light emitted from the white light source is separated 1nto
P-polarized light and S-polarized light by the polarizing
beam splitter 503. whereafter the P-polarized light intactly
travels rectilinearly and the S-polarized light is reflected in
a direction substantially parallel to said P-polarized light by
the refiecting mirror 504 and passes through the half wave-
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length optical phase plate 505, whereby the S-polarized light
is converted into P-polarized light. Thereby, almost all of the
light from the white light source is converted into
P-polarized light and emerges.

The polarizing illuminating device which can thus emit
polarized light in a predetermined direction of polarization
is suitable for illuminating a device such as liquid crystal
which requires predetermined polarized light.

As shown in FIG. 10, the half wavelength optical phase
plate 505 may be at the P-polarized light emergence side of
the polarizing beam splitter 503. and in such case, almost all
of the light from the white light source is converted into

S-polarized light and emerges.
FIG. 11 shows another embodiment of the polarizing

illuminating device of the present invention. In FIG. 11, the
same members as those in the aforedescribed embodiment of
the polarizing illuminating device are given the same refer-
ence numerals. In FIG. 11. the reference numeral 507
designates a quarter wavelength optical phase plate.

Light emitted from the white light source 501 is separated
into P-polarized light and S-polarized light by the polarizing
beam splitter 503, whereafter the P-polarized light is
reflected substantially at a right angle by the reflecting
mirror 504 and the S-polarized light passes through the
quarter wavelength optical phase plate 507 and 1s converted
into circularly polarized light, whereafter it passes through
the quarter wavelength optical phase plate S07 again via the
reflecting mirror 504. The thus converted P-polarized light is
transmitted through and emerges from the polarizing beam
splitter 503 and thus, almost all of the light from the white
light source is converted into P-polarized light and emerges.

FIG. 12 shows still another embodiment of the polarizing
illuminating device of the present invention. In FIG. 12, the
same members as those in the aforedescribed embodiment
are given the same reference numerals.

Light emitted from the white light source passes as
non-polarized light through the quarter wavelength optical
phase plate 507 and is separated into P-polarized light and
S-polarized light by the polarizing beam splitter 503, where-
after the P-polarized light intactly emerges. The S-polarized
light passes through one quarter wavelength optical phase
plate 507 and is converted into circularly polarized light,
whereafter it passes through the other quarter wavelength
optical phase plate 507 as shown. The P-polarized light
converted in this manner is transmitted through the polar-
izing beam splitter 503 and is reflected substantially at a
right angle by the reflecting mirror 504. Thus, almost all of
the light from the white light source is converted into
P-polarized light and emerges.

FIG. 13 shows yet still another embodiment of the polar-
izing illuminating device of the present invention. In FIG.
13. the same members as those in the aforedescribed
embodiments of the polarizing illuminating device are given
the same reference numerals.

Light emitted from the white light source 501 is separated
into P-polarized light and S-polarized light by the polarizing
beam splitter 503, whereafter the P-polarized light intactly
travels rectilinearly and the S-polarized light is reflected by
the reflecting mirror 504 and is returned to the vicinity of the
white light source 501 again through the polarizing beam
splitter 503. The light returned to the vicinity of the white
light source 501 has its direction of polarization disturbed
during the reflection on the reflector 506 or by the scattering
by the bulb portion of the light source 501 and emerges. This
light is again separated into P-polarized light and
S-polarized light by the polarizing beam splitter 503. By this
process being repeated, almost all of the light from the white
light source is converted into P-polarized light and emerges.
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As a variation of the device of FIG. 13. the reflecting
mirror 504 may be disposed in the optical path of the
P-polarized light as shown, for example, in FIG. 14. Further.
a wavelength plate such as a quarter wavelength optical
phase plate 507 may be disposed between the white light
source 501 and the polarizing beam splitter 503 so as to
positively change the polarized state of the light returned to
the white light source 501.

The reflecting mirror 504 is not limited to a plane mirror.
but may be a mirror having a curvature like a concave mirror
Or a convex mirror, or a mirror having an aspherical shape.
Also. a corner cube may be employed in lieu of the reflecting
mirror so as to reflect light substantially in the same direc-
tion as the incident light.

FIG. 15 shows a further embodiment of the polarizing
illuminating device of the present invention. In FIG. 15, the
same members as those in the aforedescribed embodiments
of the polarizing illuminating device are given the same
reference numerals.

Part of light emitted from the white light source 501 is
separated into P-polarized light and S-polarized light by the
polarizing beam splitter 503, whereafter the P-polarized
light intactly travels rectilinearly and the S-polarized light is
reflected by one reflecting mirror 504 and is returned to the
vicinity of the white light source 501. The light returned to
the vicinity of the white light source 501 has its direction of
polarization disturbed during the reflection on the reflector
506 or by the scattering by the bulb portion of the light
source 501 and re-emerges. This light is again separated into
P-polarized light and S-polarized light by the polarizing
beam splitter 503. By this process being repeated, almost all
of the light from the white light source is converted into
P-polarized light and emerges.

Other part of the light emitted from the white light source
501 passes via the reflecting mirror 504. and then is sepa-
rated into P-polarized light and S-polarized light by the
polarizing beam splitter 503. The P-polarized light is
reflected substantially perpendicularly by the other refiect-
ing mirror 504, and the S-polarized light is intactly returned

" to the vicinity of the light source S01. The process thereafter
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is similar to what has been described above.

As a variation of the device of FIG. 15, a single reflecting
mirror 504 may be formed as shown, for example. in FIG.
16. Further, a wavelength plate such as a quarter wavelength
optical phase plate 507 may be disposed between the white
light source and the polarizing beam splitter 503 so as to
positively change the polarized state of the light returned to
the white light source S01.

In each of the embodiments shown in FIGS. 8, 9, 10. 11.
12, 18 and 16, two polarized lights separated by the polar-
izing beam splitter finally emerge discretely from each other
without being super-posed one upon the other and therefore,
the irregularity of the quantities of light of these two light
beams poses a problem. but if as previously described, use
is made of dielectric material film having such a character-
istic that the transmittance of P-polarized light is 90% and
the transmittance of S-polarized light is 63%. the
P-polarized light transmitted through the polarizing beam
splitter and the S-polarized light reflected by the polarizing
beam splitter will become substantially equal in quantity of
light each other and therefore, the difference in quantity of
light between the two light beams which provide the illu-
minating light can be minimized.

In each embodiment, the normal to the polarizing sepa-
rating element is disposed so as to form an angle of about
45° with respect to the light beam from the light source, but
alternatively, it may be disposed at any angle differing from
45° with respect to said light beam.
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Although the polarizing separating efficiency of the polar-
izing beam splitter can be suitably determined by film
design, it is desirable that uniform polarizing separating
efficiency be attained as far as possible over the whole range
of visible light, i.e., 380 nm or 400 nm to 780 nm. However,
red light of 700 nm or greater does not much contribute as
image light and therefore, actually, it will pose little or no
problem to design the film such that uniform polarizing
separating efficiency can be attained for wavelengths of 380
nm or 400 nm to 700 nm.

In each embodiment, a glass substrate is employed as the
holding member and thin dielectric material film is
employed as the interfering polarizing separating member.
whereas these are not restrictive, but various members are
applicable without departing from the gist of the present
invention.

What is claimed is:

1. A device for illuminating an object to be illuminated
with light from a light source, said device comprising:

a transparent flat plate;

beam splitting films provided on opposite surfaces of said
transparent flat plate, wherein each of said beam split-
ting films has a transmittance characteristic such that
transmittance of P-polarized light is different from
transmittance of S-polarized light,

wherein a transmitted light from one of said beam split-
ting films includes said P-polarized light and said
S-polarized light, and a reflected light of said one of
said beam splitting films contains substantially only a
single polarization direction of light;

wherein the other one of said beam splitting films resplits

said transmitted light from said one of said beam
splitting films to produce a transmitted light of said
other one of said beam splitting films, and

a polarization changing plate for making the polarization

direction of said transmitted light of said other one of
said beam splitting films be the same as said single
polarization direction of light.

2. A device according to claim 1. wherein the distance
between said beam splitting films on said opposite surfaces
is sufficiently greater than the wavelength of incident light so
that interference of light is not generated in said films.

3. A device according to claim 1, wherein said beam
splitting films transmit therethrough most of the P-polarized
light of light incident at an angle of incidence of 45°.

4. A device for illuminating an object to be illuminated
with light from a light source, said device comprising:

a first member including a transparent flat plate and beam
splitting films provided on opposite surfaces of said
transparent flat plate;

wherein each of said beam splitting films has a transmit-
tance characteristic such that transmittance of
P-polarized light is different from transmittance of
S-polarized light,

wherein a transmitted light from one of said beam split-
ting films includes said P-polarized light and said
S-polarized light, and a reflected light of said one of
said beam splitting films contains substantially only a
single polarization direction of light;

wherein the other one of said beam splitting films resplits
said transmitted light from said one of said beam
splitting films, and

a second member including a transparent flat plate and
beam splitting films provided on opposite surfaces of
said transparent flat plate of said second member,
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wherein each of said beam splitting films of said second
member has a transmittance characteristic which is
different with respect to P-polarized light and
S-polarized light,

wherein a transmitted light from one of said beam split-
ting films of said second member includes said
P-polarized light and said S-polarized hight,

wherein the other one of said beam splitting films of said
second member resplits said transmitted light from said
one of said beams splitting films of said second mem-
ber to produce a transmitted light of said other one of
said beam splitting films of said second member;

said transparent flat plate of said second member being
provided parallel to said transparent flat plate of said

first member. and

a polarization changing plate for making the polarization
direction of said transmitted light of said other one of
said beam splitting films of said second member be the
same as said single polarization direction of light.

§. A device according to claim 4. wherein the distance
between said beam splitting films on said opposite surfaces
is sufficiently greater than the wavelength of incident light so
that interference of light is not generated in said films.

6. A device according to claim 4, wherein said beam
splitting films transmit therethrough most of the P-polarized
light of light incident at an angle of incidence of 45°. .

7. An apparatus for forming an image by illuminating a
light valve with light from a light source, said apparatus
comprising:

a transparent flat plate;

beam splitting films provided on opposite surfaces of said
transparent flat plate,

wherein each of said beam splitting films has a transmit-
tance characteristic such that transmittance of
P-polarized light is different from transmittance of
S-polarized light,

wherein a transmitted light from one of said beam split-
ting films includes said P-polarized light and said
S-polarized light, and a reflected light of said one of
said beam splitting films contains substantially only a
single polarization direction of hight;

wherein the other one of said beam splitting films resplits
said transmitted light from said one of said bcam
splitting films between said light source and said light
valve to produce a transmitted light of said other one of
said beam splitting films, and

a polarization changing plate for making the polarization
direction of said transmitted light of said other one of
said beam splitting films be the same as said single
polarization direction of light.

8. An apparatus according to claim 7. wherein the distance
between said beam splitting films on said opposite surfaces
is sufficiently greater than the wavelength of incident light so
that interference of light is not generated in said films.

9. An apparatus according to claim 7, wherein said beam
splitting films transmit therethrough most of the P-polarized
light of light incident at an angle of incidence of 45°.

10. An apparatus for forming an image by illuminating a
light valve with: light from a light source, said apparatus
comprising:

a first member including a transparent flat plate and beam
splitting films provided on opposite surfaces of said
transparent flat plate;

wherein each of said beam splitting films has a transmit-
tance characteristic such that transmittance of
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P-polarized light is different from transmittance of
S-polarized light,

wherein a transmitted light from one of said beam split-
ting films includes said P-polarized light and said
S-polarized light, and a reflected light of said one of
said beam splitting films contains substantially only a
single polarization direction of light;

wherein the other one of said beam splitting films resplits
said transmitted light from said one of said beam
splitting films, and

a second member including a transparent flat plate and

beam splitting films provided on opposite surfaces of
said transparent flat plate of said second member,

wherein each of said beam splitting films of said second
member has a transmittance characteristic which is
different with respect to P-polarized light and
S-polarized light,

wherein a transmitted light from one of said beam split-

ting films of said second member includes said
P-polarized light and said S-polarized light,

wherein the other one of said beam splitting films of said
second member resplits said transmitted light from said
one of said beams splitting films of said second mem-
ber to produce a transmitted light of said other one of
said beam splitting films of said second member;

said transparent flat plate of said second member being
provided parallel to said transparent flat plate of said
first member between said light source and said light
valve, and

a polarization changing plate for making the polarization
direction of said transmitted light of said other one of
said beam splitting films of said second member be the
same as said single polarization direction of light.

11. An apparatus according to claim 10, wherein the
distance between said beam splitting films on said opposite
surfaces is sufficiently greater than the wavelength of inci-
dent light so that interference of light is not generated in said
films.

12. An apparatus according to claim 10, wherein said
beam splitting films transmit therethrough most of the
P-polarized light of light incident at an angle of incidence of
45°.

13. An optical apparatus for processing light from a light
source, said optical apparatus comprising:

a transparent flat plate;

beam splitting films provided on opposite surfaces of said
transparent flat plate, wherein each of said beam split-
ting films has a transmittance characteristic such that
transmittance of P-polarized light is different from
transmittance of S-polarized light,

wherein a transmitted light from one of said beam split-
ting films includes said P-polarized light and said
S-polarized light, and a reflected light of said one of
said beam splitting films contains substantially only a
single polarization direction of light;

wherein the other one of said beam splitting films resplits
said transmitted light from said one of said beam
splitting films to produce a transmitted light of said
other one of said beam splitting films, and

a polarization changing plate for making the polarization
direction of said transmitted light of said other one of
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said beam splitting films be the same as said single
polarization direction of light.

14. An optical apparatus according to claim 13, wherein
the distance between said beam splitting filmms on said
opposite surfaces is sufficiently greater than the wavelength
of incident light, so that interference of light is not generated
in said films.

15. An optical apparatus according to claim 13, wherein
said beam splitting films transmit therethrough most of the
P-polarized light of light incident at an angle of incidence of
45°,

16. An optical apparatus for processing light from a light
source, said optical apparatus comprising:

a first member including a transparent flat plate and beam

splitting films provided on opposite surfaces of said
transparent flat plate;

wherein each of said beam splitting films has a transmit-
tance characteristic such that transmittance of
P-polarized light is different from transmittance of
S-polarized light, wherein a transmitted light from one
of said beam splitting films includes said P-polarized
light and said S-polarized light, and a reflected light of
said one of said beam splitting films contains substan-
tially only a single polarization direction of light;

wherein the other one of said beam splitting films resplits
said transmitted light from said one of said beam
splitting films, and

a second member including a transparent flat plate and
beam splitting films provided on opposite surfaces of
said transparent flat plate of said second member,

wherein each of said beam splitting films of said second
member has a transmittance characteristic which is
different with respect to P-polarized light and
S-polarized light,

wherein a transmitted light from one of said beam split-
ting films of said second member inciudes said
P-polarized light and said S-polarized light,

wherein the other one of said beam splitting films of said
second member resplits said transmitted light from said
one of said beams splitting films of said second mem-

ber to produce a transmitted light of said other one of
said beam splitting films of said second member;

said transparent flat plate of said second member being
provided parallel to said transparent flat plate of said
first member, and

a polarization changing plate for making the polarization

direction of said transmitted light of said other one of
said beam splitting films of said second member be the
same as said single polarization direction of light.

17. An optical apparatus according to claim 16, wherein
the distance between said beam splitting films on said
opposite surfaces is sufficiently greater than the wavelength
of incident light, so that interference of light is not generated
in said films.

18. An optical apparatus according to claim 16, wherein
said beam splitting films transmit therethrough most of the
P-polarized light of light incident at an angle of incidence of
45°.
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